To investigate the efficiency of endovascular smooth muscle cell (VSMC) seeding in promoting healing and stability in already-developed aneurysms obtained by matrix metalloproteases (MMPs)-driven injury. Summary Background Data: VSMCs are instrumental in arterial healing after injury and are in decreased number in arterial aneurysms. This cellular deficiency may account for poor healing capabilities and ongoing expansion of aneurysms. Methods: Aneurysmal aortic xenografts in rats displaying extracellular matrix injury by inflammation and proteolysis were seeded endoluminally with syngeneic VSMCs, with controls receiving culture medium only. Diameter, structure, and the destruction/ reconstruction balance were assessed. Results: Eight weeks after endovascular infusion, aneurysmal diameter had increased further, from 3.0 Ϯ 0.3 mm to 10.9 Ϯ 6.5 mm (P ϭ 0.009), and medial elastin content had decreased from 36.5 Ϯ 8.5 to 5.2 Ϯ 5.5 surface-percent (S%; P ϭ 0.009) in controls, whereas these parameters remained stable in the seeded group (3.0 Ϯ 0.3 to 2.7 Ϯ 0.2 mm, P ϭ 0.08; 36.5 Ϯ 8.4 to 31.6 Ϯ 9.7 S%, P ϭ 0.22). VSMC seeding was followed by a decrease in mononuclear infiltration. MMP-1, -3, -7, -9, and -12 mRNA contents were sharply decreased in the diseased wall in response to seeding. Tissue inhibitor of metalloproteinase-1, -2, and -3 mRNAs in the intima were increased in a 2 to 10 magnitude in comparison with controls. Gelatin zymography showed the disappearance of MMP-9 activity and reverse zymography a strong increase in tissue inhibitor of metalloproteinase-3 activity in the seeded group. VSMC-seeded aneurysms were rich in collagen and lined with an endothelium instead of a thrombus in controls. Conclusions: VSMCs endovascular seeding restores the healing capabilities of proteolytically injured extracellular matrix in aneurysmal aortas, and stops expansion. FIGURE 7. Schematic representation of cell therapy and its impact on aneurysmal wall summarizing our hypothesis. The endovascular addition of VSMCs allows the diseased wall to respond to radial hemodynamic stress in an appropriate manner, resulting in diameter stabilization.
C hanging locally the biology of arterial aneurysms to promote healing and stability could represent an alternative to prosthetic treatments. Although previous studies using genetic or pharmacological tools have been successful at preventing the degeneration of a normal artery into an aneurysm, [1] [2] [3] [4] none of these studies addressed the question of whether already-formed experimental aneurysms could be stabilized by a nonprosthetic approach.
Molecular and cellular mechanisms promoting alreadyformed aneurysm expansion are poorly understood. As a consequence, the structural and biologic changes required to stabilize already formed aneurysms are unknown. The degradation of arterial extracellular matrix by proteases has been shown to be instrumental in the formation of aneurysms, eg, the degeneration of a normal vessel into an aneurysm, regardless the initial mechanism triggering proteolysis, in atherosclerosis, inflammatory vascular diseases and in experimental models. 4 -8 Studies from human samples have shown that matrix metalloproteinases (MMPs), along with 2 other proteolytic enzyme families, are present in excess in aortic aneurysms. 9, 10 The role of MMPs in aneurysm formation has been validated by inhibition experiments, or gene expression invalidation, in different animal models. [1] [2] [3] [4] However, whether the interruption of extracellular matrix degradation would be sufficient to stop aortic dilatation once it has started is poorly documented.
Once extracellular matrix has been injured by proteolysis and aneurysm has formed, the vessel wall is composed of a fragmented medial elastic network, with abundant neovessels in the adventitia and infiltrating macrophages, T and B lymphocytes. 9, 11, 12 The lumen is often separated from blood flow by a luminal thrombus. This disorganized, dilated vessel tends to dilate further, 13 with no spontaneous tendency to recover a normal structure. Current treatments are based on the strengthening of the aorta, or its replacement, by means of a prosthesis. 14, 15 One very specific feature of aneurysmal walls is the depletion in vascular smooth muscle cells (VSMCs) in the media layer. 4,8,11,12,16 -20 In addition, no VSMCs are present in the luminal thrombus, which is an environment hostile to cell development. Overall, most of the wall mass of aortic aneurysms is depleted in VSMCs. In other pathologic conditions, such as atherosclerotic stenoses, restenosis, and response to injury, [21] [22] [23] [24] VSMCs appear to be the main cellular component of arterial healing. We hypothesized that adding VSMCs could restore aneurysmal healing capabilities and function, eg, the ability to support hemodynamic constraint without expanding further. The aims of this study were to set-up a model of already-formed, and expanding, aortic aneurysm and to test the impact of VSMC seeding through an endoluminal catheter on expansion, MMP-dependent proteolytic balance regulation and wall structure.
METHODS

Animals
Animals were housed and taken care of according to the European Union Standards received analgesia and were anesthetized with 5 mg/100 g b.w. of pentobarbital I.P.
Operative Procedures
Abdominal aortas from Hartley guinea pig (n ϭ 25, Saint Antoine, France). were decellularized using sodium dodecyl sulfate as a detergent to solubilize cellular components without altering the extracellular matrix structure. 7 This method produces a tube of arterial extracellular matrix, which was grafted orthotopically into male Fischer 344 rats (n ϭ 50, Iffa Credo, Lyon, France) during a first surgical procedure.
Syngeneic male Fischer 344 rat VSMCs were isolated from thoracic aortas 25 and were grown in RPMI 1640 and Medium 199, with L-glutamine and 10% fetal calf serum (Gibco-BRL). More than 98% of isolated cells grown to 80% confluence were stained positively with an anti-alpha actin antibody (Dakopatts, Denmark).
A second surgical procedure was performed 14 days after the first one, a delay at which the xenograft diameter had increased to more than 50%, to comply with aneurysm definition. 26 The dilated xenograft was isolated from blood flow by clamps. Its lumen was gently rinsed with culture medium through a PE10 catheter introduced by an aortectomy performed downstream in the native aorta. Passage 5 to 8 VSMCs were resuspended in culture medium with 5% fetal calf serum, injected into the dilated xenograft lumen (10 7 cells per xenograft), and allowed to attach for 8 minutes. Cell passage in culture was chosen to allow the production of a sufficient number of cells. To assess their presence and location in vivo, in some experiments VSMCs were stained before seeding with the fluorescent dye PKH26 (Sigma). 27 As controls, dilated xenografts were infused with culture medium with 5% fetal calf serum without cell. Graft diameter was measured immediately after transplantation at reoperation and before euthanasia, at day 7 or at week 8 after seeding ( Fig. 1 ).
Histology and Immunohistochemistry
Cryostat cross sections (5 m) were made from the center of the xenografts. Computerized quantification of elastin in the media was performed after orcein staining (software from Clara Vision, France). Primary antibodies were mouse antirat monoclonals: ED1 clone for monocytes and macrophages, RLN-9D3 for B cells, R73 for TCR ␣/␤ receptor of T lymphocytes, RECA for endothelial cells (Medgene Science, Pantin, France), and 1A4 for alpha-actin (Dakopatts). An alkaline phosphatase-antialkaline phosphatase technique was used (Dakopatts). Control sections were generated by omission of the primary antibody and with a nonrelevant primary antibody. Labeled cells were counted with a grid in the microscope eyepiece. To assess the dynamic of intimal growth after endovascular VSMC seeding, the thickness of the intima was measured with a grid eyepiece on cross sections of the aneurysmal vessels after anti-alpha actin immunostaining. Measurements were made in 4 directions with 90°rotations and averaged for each graft. Comparisons were made between 1-and 8-week delays in the seeding group.
Analysis of MMP, Tissue Inhibitor of Metalloproteinase (TIMP), and Collagen mRNA Contents
MMPs, TIMPs, and collagen I and III mRNA levels were analyzed using reverse transcription polymerase chain reaction (RT-PCR), comparative to the domestic gene 18s (QuantumRNA TM 18s Internal Standards kit, Ambion, Montrouge, France). Intima, on the one hand, and media plus adventitia, on the other hand, were separated by microdissection and pooled by layers and groups. Total RNA was extracted with TRIzol TM (Life Technologies, USA) and treated with grade I DNAse (Roche Molecular Biomedicals). Reverse transcription was done with random primers, and Superscript II (Life Technologies), dNTP, dithiothreitol, and ribonuclease inhibitor (Roche Molecular Biochemicals). PCR was performed in a PCR Express thermo cycler (Hybaid, UK), in the same tube for both the gene of interest (primers are listed in Table 1 ; Genset Oligos SA, France) and 18s. Final PCR conditions were chosen to avoid interference between the 2 sets of primers. The PCR mix contained Taq Polymerase (EurobioTaq, Eurobio) in buffer, dNTP, and MgCl 2 . Negative controls were done without Superscript II. Ten microliters of the PCR products was run in a 2% agarose gel with 5 g/mL ethidium bromide, visualized under UV light by a video camera. Bands of amplified sequences corresponding to the gene of interest and to 18s were quantified with Gel Analyst TM (Iconix, France). Results were expressed as a ratio between signals corresponding to the gene of interest and 18s.
Analysis of MMP and TIMP Activities
Intima on the one hand, and media plus adventitia on the other hand, from 6 grafts were separated and pooled by groups. After extraction with a guanidine buffer, 2 MMP-2 and MMP-9 activities were analyzed on 1% gelatin zymograms. MMP-2-and MMP-9 -related bands were quantified with the ImageMaster TM software (Pharmacia Biotech, Uppsala, Sweden). Results were plotted against a standard curve generated on the same gel with purified human recombinant 
Collagen III: 5Ј-TGCCACCCTGAACTCAAGAG-3Ј/5Ј-GCCTTGCGTGTTTGATATTC-3Ј FIGURE 1. Experimental design: 14 days after transplantation, aortic xenografts were dilated to more than 50% of their initial diameter and reoperated by the endovascular route. Graft diameter was measured immediately after transplantation, at reoperation, and before euthanasia. Endovascular infusion of culture medium (control group) was followed 8 weeks later by a statistically significant increase in diameter of the already dilated aorta (curve below, **P Ͻ 0.01). Analysis of the inflammatory infiltration, MMP and TIMP expression in vivo, was performed on dilated aortas harvested 7 days after the reoperation, with the assumption that biologic changes at an intermediate delay provide mechanistic explanations for the impact of cell therapy on the remodeling observed 8 weeks after treatment.
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Cell Therapy for Aneurysms MMP-2 or MMP-9 (Medgene Science, France). To quantify MMP-9 complexed with TIMP molecules, in some experiments, TIMPs were inactivated by reduction-alkylation. 2 TIMP activities were detected with a Reverse Zymography Kit 2 (University Technologies Intl. Inc., Calgary, Alberta, Canada).
Data Analysis
Results were expressed as mean Ϯ SD. Comparisons between 2 groups were conducted using the nonparametric Mann-Whitney U test (Statview, version 4.5).
RESULTS
A Model of Aortic Extracellular Matrix Injury for Testing Endovascular Cell Therapy in Dilated Aortas
As a first step, we characterized an experimental situation that could be used to evaluate endovascular cell therapy for already dilated arteries. The diameter of all xenografts at day 14 had increased of more than 50% in comparison to value at implantation. Control dilated xenografts at 14 days were infused endoluminally with culture medium plus 5% calf serum during a second procedure and were shown to retain a potential of disease progression ( Fig. 1, Fig. 2A ). Xenograft diameter increased from 3.2 Ϯ 0.3 mm to 10.9 Ϯ 6.5 mm, P Ͻ 0.01 (delta ϭ 7.7 Ϯ 6.4 mm) during the 8 weeks after reoperation, n ϭ 5 in each group ( Fig. 2A ). Elastin content decreased from 36.5 Ϯ 8.4 surface-percent (S%; value from 5 xenografts after 14 days implantation, used as a reference value for the 2 groups) to 17.2 Ϯ 8.2 S% at 7 days and to 5.2 Ϯ 5.5 S% at 8 weeks, after the second procedure, P ϭ 0.014.
Endovascular Cell Therapy Stops the Progression of Aortic Dilation
At reoperation, the diameter of all xenografts had increased more than 50% with no statistical difference between the 2 groups. Eight rats (16,7%) died within 24 hours after endovascular reoperation (3 in the endovascular seeding group, 5 in the control group). At autopsy, no occlusive thrombus was visible in the lumen of the xenograft.
Seeding Efficiency
One week after endovascular seeding, syngeneic VSMCs labeled with the fluorescent dye PKH26 were ob- 
Prevention of Further Dilation
All xenografts of were patent at harvest. In sharp contrast with the control group, the endovascular seeding of VSMCs prevented further diameter increase of dilated aortas (diameter in the seeding group: 3.1 Ϯ 0.3 mm at reoperation versus 2.7 Ϯ 0.17 mm 8 weeks later, P ϭ 0.076; delta: Ϫ0.3 Ϯ 0.1 mm).
The stabilizing effect was observed for all seeded dilated aortas. The difference in diameter between the 2 groups at 8 weeks after the endovascular reoperation was significant (P Ͻ 0.01). The percentage of diameter variation was ϩ 240.5 Ϯ 210.4% in controls and Ϫ10.6 Ϯ 9.3% in seeded vessels (P Ͻ 0.01; Fig. 2A ).
Prevention of Elastin Loss
In contrast with culture medium infusion in controls, the endoluminal seeding of VSMCs prevented further medial elastin degradation at one and 8 weeks (32.1 Ϯ 4.3 S% at one week, and 31.6 Ϯ 9.7 S% at 8 weeks, NS; Fig. 2A ). The RT-PCR data were generated from pools of 3 grafts in each group for each layer. Gelatin zymography (B) shows decreased MMP-9 gelatinolytic activity (Mr: 110 to 80 kd) in the treated vessels (VSMCϩ). The increase of constitutive MMP-2 expression in VSMCϩ vessels reflects increase of cell content in the intima after seeding. Gel zymography quantification of MMP-9 activity (Mr 110 to 80 kd; C). Active forms of MMP-9 are 92-and 80-kd bands. ᮀ, Dilated aortas infused with culture medium as a control (VSMCϪ); s, dilated aortas seeded with VSMCs (VSMC ϩ); *P Ͻ 0.05.
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Cell Therapy for Aneurysms difference between seeded and nonseeded aortas at 8 weeks was significant (P ϭ 0.01).
Endovascular Cell Therapy Modulates Inflammation
Infiltration by rat monocyte-macrophages identified with the ED1 monoclonal antibody was significantly reduced 1 week after endovascular seeding of VSMCs as compared with nonseeded aortas (Fig. 2B ; media: 28 Ϯ 7 vs. 16 Ϯ 6 10 Ϫ2 ED1ϩ cells/mm 2 , P ϭ 0.025; adventitia: 25 Ϯ 3 vs. 19 Ϯ 4 10 -2 ED1ϩ cells/mm 2 , P ϭ 0.025, n ϭ 5 in the control group, n ϭ 3 in the seeded group). In contrast, neither adventitial infiltration by T lymphocytes (control: 4.7 Ϯ 0.6, seeded: 4.1 Ϯ 0.3 10 Ϫ2 R73 ϩ cells/mm 2 , P ϭ 0.29) and B lymphocytes (control: 1.5 Ϯ 0.3, seeded: 1.3 Ϯ 0.3 10 Ϫ2 RLN-9D3 ϩ cells/mm 2 , P ϭ 0.29; Fig. 2D ), nor the number of adventitial endothelial cells (control: 2.2 Ϯ 0.3, seeded: 2.5 Ϯ 0.1 10 Ϫ2 RECA ϩ cells / mm2) were modified by seeding.
Endovascular Cell Therapy Decreases MMP Expression Levels of MMP mRNA
Decellularized xenografts at 2 weeks contained high levels of MMP-1, -2, -3, -7, -9, and -12 mRNA (data not shown). VSMCs in culture before seeding constitutively expressed MMP-2 (Fig. 3A) . Xenograft layers microdissection was used to study separately the biologic activity of the seeded cells and their impact on the surrounding dilated aortic wall. Concordant with the VSMC culture data, MMP-2 mRNA contents were significantly increased by seeding in the intima. The expression of the other MMP mRNAs in the intima was not modified by VSMC seeding. In contrast, endovascular seeding of VSMCs decreased mRNA contents by a 3 to 80 magnitude, for all studied MMPs, except MMP-2 (Fig. 3A) in the medial and adventitial layers, ie, in the diseased wall itself. This result was consistently reproduced on different batches of pools of 3 grafts.
Gelatinase Activity
On gelatin gel zymography, MMP-9 activity was detected mainly in the thrombus of control xenografts. VSMC seeding suppressed MMP-9 activity (total MMP-9: 13.5 Ϯ 1.62 to 0 equivalent ng rMMP-9/ g, P Ͻ 0.05; active [80 kd] MMP-9: 11.56 Ϯ 1.51 to 0, P Ͻ 0.5). Conversely, seeding FIGURE 4. Endovascular cell therapy increases TIMP expression. RT-PCR comparative to the domestic gene 18s for TIMP-1, -2, and -3 in VSMCs in culture, before seeding, and in vivo (intima, and media plus adventitia) one week after the endovascular treatment (A). The expression of TIMP-1 and -3 increased in the intima of dilated aortas after treatment (VSMCϩ), demonstrating that the seeded VSMCs produce high amounts of MMP inhibitors. Reverse zymography (B) shows TIMP activity as dark bands. TIMP-3 was detected in the media and adventitia. ᮀ, Dilated aortas infused with culture medium as a control (VSMCϪ); s, dilated aortas seeded with VSMCs (VSMCϩ). Lanes 1 and 3: intima or thrombus; lanes 2 and 4: media plus adventitia. Reverse zymography was performed with extracts from 3 grafts, pooled by group. RT-PCR data were generated from pools of 3 grafts in each group for each layer.
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Annals of Surgery • Volume 239, Number 3, March 2004 increased MMP-2 activity in the intima. MMP-9 activity was also detected in the media plus adventitia of control xenografts. Similarly, MMP-9 activity was suppressed in the arterial wall by VSMC intimal seeding (total MMP-9: 1.04 Ϯ 0.12 to 0 equivalent ng rMMP-9/ g, P Ͻ 0.05; active (80 kd) MMP-9: 0.85 Ϯ 0.08 to 0, P Ͻ 0.5; Fig. 3B and C).
Effect of Endovascular Cell Therapy on TIMP Expression
VSMCs in culture before seeding expressed high levels of TIMP-1, -2, and -3 (Fig. 4A ). Endovascular cell therapy strongly increased TIMP-1 and TIMP-3 mRNA contents 1 week after treatment (6-to 10-fold) (Fig. 4A ) in the intima without changing TIMP mRNAs in the media plus adventitia. Reverse zymography evidenced a strong increase in TIMP-3 activity in the media and adventitia of seeded dilated aortas (Fig. 4B ).
Endovascular Cell Therapy Increases Fibrillar Collagen Expression
Before seeding, VSMCs in culture expressed high levels of type I and III collagen mRNAs (Fig. 5 ). Dilated xenografts just before seeding exhibited a massive loss in fibrillar collagen, as shown by Sirius red staining. VSMC seeding increased type I and III collagens mRNA contents in the media and adventitia of dilated xenografts very early on in comparison with untreated dilated aortas and normal rat aortas. Eight weeks after treatment, mRNAs encoding for collagens I and III had decreased to levels similar to those measured in a normal aorta.
Morphology of the Dilated Aortas Stabilized by Endovascular Cell Therapy
Dilated xenografts before endovascular reoperation and 8 weeks after reoperation in the control group contained few alpha-actin positive cells (Fig. 6) . A loose collagen network had replaced the destroyed media and adventitia. In sharp contrast, in seeded xenografts 8 weeks after stabilization by cell therapy, VSMCs had accumulated on the luminal aspect, not in the aneurysmal wall itself, and had formed a multicellular intimal layer rich in collagen. The thickness of the intima after endovascular VSMC seeding decreased between 1 and 8 weeks, from 1.35 Ϯ 0.144 mm to 0.65 Ϯ 0.15 mm, FIGURE 5. Endovascular cell therapy induces fibrillar collagen genes expression. The endovascular seeding of VSMCs was followed by an early increase in mRNAs encoding for fibrillar collagens I and III, as shown by RT-PCR analysis from the all wall thickness. The increase is transient. mRNA levels in dilated aortas 8 weeks after the endovascular treatment decrease to those of a normal artery. ᮀ, Dilated aortas infused with culture medium, as controls (VSMCϪ); s, dilated aortas seeded with VSMCs (VSMCϩ). RT-PCR data were generated from pools of 3 grafts in each group for each layer.
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Cell Therapy for Aneurysms respectively (P ϭ 0.034, Mann-Whitney U test). The intima resulting from VSMC accumulation after seeding never resulted in lumen occlusion. In contrast with control vessels, the luminal aspect of xenografts 8 weeks after VSMC seeding was lined by a continuous endothelium (Fig. 6 ).
DISCUSSION
Using a model of already developed and expanding aneurysm, this study provides evidence that endovascular VSMC seeding stabilizes aneurysm diameter, blocks the initiated extracellular matrix degradation, and regenerates the diseased wall.
In the xenograft model, the xenogeneic aorta is depleted from cells by a detergent treatment before implantation, so that the graft is composed of an acellular matrix tube harboring no VSMCs. 7 With time, as wall infiltration by inflammatory cells proceeds, fibroblasts, endothelial cells and few alpha-actin-positive cells colonize the xenograft. When a significant amount of extracellular matrix has been digested by MMPs, 1-3 the aneurysm is formed, and its general structure and cellular content resemble that of a human aneurysm, with a luminal thrombus, a deteriorated medial elastic network and a thickened adventitia with abundant neovessels. Experimental aneurysms in the control group of our experiments reproducibly display a constant expansion rate, reproducing a key feature of human atherosclerotic aneurysms.
Endovascular Cell Therapy Suspends Ongoing Aortic Wall Destruction
The elastin network in the media of human and experimental aneurysms is damaged. 6 -8,26 We and others have shown that prevention of aortic dilation correlates with medial elastin preservation. [1] [2] [3] Endovascular VSMC seeding resulted in both diameter and medial elastin content stabilization in already dilated, but stabilized aortas.
Inflammation in the adventitia, and more specifically in the media, is observed in both human and experimental aneurysms 9, 11, 12, 26, 28 and is thought to be a prominent source of proteases. Endovascular VSMC seeding significantly decreased monocyte-macrophage infiltration in already formed aneurysms. However, the most dramatic effect was a decrease in MMP expression, to levels barely detectable by RT-PCR 
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Annals of Surgery • Volume 239, Number 3, March 2004 and zymography, 2 very sensitive methods. Experimental and human atherosclerotic aneurysms exhibit increased levels of MMP. 2, 4, 9, 10, 29 Concordant experimental data suggest that MMP activities are instrumental in extracellular matrix degradation and aortic dilation. 2, 3, 29 However, no previous experiments had been aimed at decreasing MMP activity in experimental aneurysms already subjected to inflammation and proteolysis, which may be closer to an attempt-to-treat situation in a clinical setting. In previous studies, we have shown that in intact decellularized xenografts, the seeding of syngeneic VSMCs prevents aneurysmal degeneration, suggesting that VSMCs may control the initial steps of extracellular matrix injury. 2, 30 In the present work, wall layer microdissection demonstrated that MMP expression at mRNA level was decreased in the aneurysmal wall itself, in an area distant from the seeded cells. Additionally, TIMP-3 produced by the intimal cells diffused to the injured wall. Our hypothesis is that endoluminally seeded VSMCs produce paracrine factors, including TIMP-3, which diffuse to the aortic injured wall and down-regulate MMP activity in a centrifugal manner. These data demonstrate that cell therapy can stop the evolution of the aortic destructive process after its onset in the xenograft model.
Endovascular Cell Therapy Promotes Wall Reconstruction
In addition to stopping the initiated aortic wall destruction, VSMC seeding triggered 2 events that promoted endo-vascular vessel reconstruction. One event was the increase in collagen type I and III mRNA contents and the increase in collagen accumulation at histology, in particular in the thick neointima that had formed, presumably derived from the seeded VSMCs. Aneurysm formation primarily results from the destruction of the fibrillar connective tissue. In vitro, excessive destruction of collagen causes arterial rupture. 31 Likewise, the strengthening of already-formed aneurysms might depend on new collagen accumulation. The second event was the accumulation of endothelial cells on the lumen of seeded vessels, whereas no endothelial cell was detected on the thrombus of control vessels, as observed in human aortic aneurysms. This result suggests that endovascular VSMC seeding changes the biology at the interface between blood and aneurysmal vessel, allowing endothelial cell repopulation and endoluminal healing. Of note, although no attempt was made to controlling growth of the intima after endovascular seeding, accumulation of VSMCs never induced vessel occlusion, and tended to stabilize over time.
Study Limitations
The pathophysiology of the xenograft aneurysmal degeneration and that of human atherosclerotic aneurysms are clearly different, whatever role autoimmunity may play in human aortic aneurysms 32 . However, terminal cellular and enzymatic effectors of extracellular matrix degradation appear to share similarities in the 2 settings. 2, 9, 11, 12, 30 In the xenograft model, VSMC endovascular seeding may prevent extracellular matrix injury by inducing local changes in the inflammatory infiltration, a consequence of the immune response towards the xenogeneic proteins of the matrix. However B and T lymphocyte infiltration was not significantly modified by VSMC seeding. In contrast, MMP expression was abolished, and TIMPs were strongly induced. Therefore, direct regulation of the MMP-dependent proteolytic balance was the main mechanism by which extracellular matrix degradation was prevented, rather than changes in the immune response. Concordant with the idea that syngeneic cells do not profoundly affect the immune response, the endoluminal seeding of VSMCs syngeneic to the recipient did not modify adventitial inflammation in a rat model of aortic allograft rejection. 27 The luminal aspect of aneurysmal xenografts is lined by a thrombus. However, the thrombus in human aneurysms is thicker, multilayered, and has developed during a longer period of time. 33 It probably represents an environment hostile to VSMC development. This spontaneous hostility to VSMC growth is also a characteristic of the thrombus in aneurysmal xenografts, as suggested by the absence of VSMCs at 8 weeks in controls. The large number of VSMCs used for seeding may have overwhelmed factors preventing spontaneous cellular repopulation in the thrombus in our experiments.
CLINICAL RELEVANCE AND CONCLUSION
The external diameter is the most powerful parameter for the prediction of aortic rupture. 26 Therefore diameter stabilization may represent a relevant clinical endpoint. The diseased aorta in the present study was used as a scaffold to form a new stable vessel incorporating the seeded cells, while VSMC therapy restored a healing potential in spontaneously nonhealing vessels ( Fig. 7) .
Whether VSMC seeding could represent an approach to the stabilization of arterial aneurysms in humans, regardless of their etiology and location, needs further investigations. The viability of VSMCs in contact with the thrombi of atherosclerotic aneurysms is under investigation, as well as the possibility of modifying gene expression in human aneurysmal tissues by VSMC seeding in vitro.
